SUMMARY Coronary arteriography was performed twice in 256 nonoperated patients, including 92 surgical candidates who were recatheterized because of the long wait for surgery. Criteria to define progression and regression were established in advance. Analysis of separate segments, reflecting separate lesions, revealed that progression percentages increased proportionally with the degree of initial narrowing and the Interval between atheterizations, ranging from 1.2% to more than 20%. The highest progression percentages were shown by the proximal right coronary artery, the left anterior descending artery distal to the first septal and first diagonal branches, and the obtuse marginal branch of the circumflex artery. In 56.3% of the patients, progression was found in at least one segment, ranging from 40% in patients who were recatheterized within 1 year to 92%'in patients who were recatheterized after 5 years or longer (p < 0.025). In 12 patients (4.7%), regression had occurred; in two cases obstructions had reverted to less than 50% narrowing. Regression was associated with progression in other branches in three cases. Indications for recatheterization did not correlate significantly with progression, but a higher progression percentage was found in patients who had sustained a myocardial infarction during follow-up than in those who had not (p < 0.05). Comparison of potential surgical procedures based on the first and second angiogram revealed that at the second catheterization more distal anastomoses were required to achieve complete revascularization in 29.3% of the patients and that left ventricular contractions had deteriorated markedly in 15.6%. These fractions correlated with the duration of the Interval between catheterizations.
REPEATED arteriographic visualizations of the coronary circulation in patients with coronary atherosclerosis permit study of the anatomic evolution of the disease during life. As surgical revascularization may have an additional unknown influence on the disease process, data should be obtained primarily on nonoperated patients. However, the majority of patients who are considered surgical candidates are operated on soon after catheterization, so only a small and selected group of nonoperated patients is available for follow-up; in these patients, it is difficult to justify recatheterization on a routine basis. Therefore, the few studies on this subject have mostly dealt with patients selected for specific reasons. '-1 In the Netherlands, the number of angiographic facilities has surpassed the expansion of the surgical capacity, leading to long waits for coronary surgery. This has particularly concerned patients in stable or improving clinical condition who were felt to be in no immediate jeopardy. An angiogram performed long before the date of surgery may not reflect the patient's current status, and we have had to recatheterize many patients just because of this situation. However, this situation has provided us with a unique opportunity to collect follow-up angiographic data on patients in stable clinical condition who were eligible for surgery.
In this study we analyzed the evolution of coronary lesions in 256 patients who had significant coronary artery disease and in whom arteriography had been performed two times. In particular, we studied the anatomic patterns of progression and regression and attempt to assess its implications for surgical management.
Methods Patients
We selected consecutive nonoperated patients who had undergone coronary arteriography at our institution two times before April 1979. Fourteen patients had either no arteriographic abnormalities or less than 50% luminal narrowing at the first catheterization. These patients are a highly selected group with specific characteristics, and were excluded from this study. Patients with additional cardiac abnormalities other than ischemic heart disease were also excluded. Two hundred fifty-six patients in whom the first angiogram showed 50% or more narrowing in at least one major coronary artery branch were included in this study.
There were 239 men and 17 women. Table 1 shows the age distribution; the mean age was 49.2 years. Table 2 shows the time intervals between the two angiographic studies.
Coronary Angiograms
Left ventricular and coronary angiograms were performed after administration of 0.5 or 1 mg of nitroglycerin sublingually. Coronary arteriograms were recorded on 35-mm film using the 6-inch field of Number of vessels major arteries (right coronary artery, left anterior descending artery and circumflex artery) 50% or more narrowed.
One patient had significant narrowing of the left main coronary artery.
an interchangeable 6/9-inch Philips image intensifier. Since 1972, in addition to conventional oblique projections, we have used craniocaudal projections in all cases."5 Cases in which the two angiograms showed appreciable differences with regard to the projections used or the radiographic images were excluded. The angiograms were interpreted by three experienced investigators. Independently, two investigators compared both angiograms of each patient; the third investigator interpreted each angiogram separately, unaware of the other angiographic study in the same patient. Narrowings were estimated and recorded as percent narrowing of luminal diameter. If estimations differed less than 20%, average percentages were used for the final classification. In only a few instances were larger differences noted; in these cases the films were again reviewed by two investigators, which led to a consensus in all cases. We designed a coding system in which the coronary arteries were divided into 32 segments. To allow use of the same coding system in patients with different anatomy (such as left-and right-dominant coronary circulation), the coding system comprised more segments than were encountered in individual patients. Separate codes were used to denote nonexistent segments and segments with luminal diameters too small to allow reliable estimations of narrowings. The average number of segments congenitally present and large enough for analysis was 22. Table 5 shows that the differences in progression cannot be solely explained by differences in the degree of initial narrowing of the individual segments, which suggests that localization is a variable with independent prognostic significance. However, the data on progression in the left main coronary artery are inconclusive, as only one patient initially had significant narrowing of this seg- Patients were considered to show progression if progression had occurred in at least one segment. In figures 2 and 3, progression percentages are shown in groups of patients arranged according to the interval between the angiograms. Progression was found in 56.3% of the entire population, ranging from 40-92% in the interval groups of less than 1 year to more than 5 years. Subdivision of patients according to the number of major arteries 50% or more narrowed yielded lower progression percentages in patients with one-vessel disease compared with those with two-or three-vessel involvement (fig. 4) . Progression percentages increased significantly (p < 0.025) in all groups in proportion to the interval. To study the significance of 530 CIRCULATION complete and when these data at first and second catheterization are available, sometimes we cannot obtain data for the intervening period. The problem is complicated because many of the surgical candidates lost weight and stopped smoking a short period before the scheduled data of surgery. Consequently, evaluation of the influence of changes of risk factors is not feasible for our entire patient population, and in this study we used only the data obtained at admission for the first catheterization. Mild or moderate hypercholesterolemia (7-9 mmol/l) was present in 51.0%
and marked hypercholesterolemia (. 9 tPatients with progression of narrowings less than 50%N to > 50%c but not fulfilling the progression criteria.
If more distal anastomoses were needed and left ventricular contractions had deteriorated, patients were placed in the last category (22 cases).
were considered to have deteriorated to such an extent as to make patients less suitable for surgical correction if two or more normal segments had become at least markedly hypokinetic or if slightly or moderately hypokinetic segments had become akinetic or dyskinetic.
The necessity of placing more distal anastomoses on the basis of the second angiogram resulted from progression of initially hemodynamically insignificant lesions (table 8) . Of the 144 patients who had progression by our criteria, it occurred only in lesions that caused less than 50% narrowing in 58 cases (40.2%). This seems to be in disagreement with the relatively low progression percentages in slightly or moderately narrowed segments which, however, is counterbalanced by the high total number compared with severely narrowed segments. More distal anastomoses were needed on the basis of the second angiogram in 75 cases, which represents 29.3% of the patients. Deterioration of left ventricular contractions had occurred in 40 patients (15.6% of the total). In the seven cases in which this was not associated with significant progression of coronary artery obstructions, deterioration of contractions was limited to areas with markedly compromised coronary circulation. Subdivisions of patients according to the interval between catheterizations revealed that the percentage of patients who required more distal anastomoses rose from 15% in patients with an interval of 1.5 years or less to 49% in patients with an interval of more than 3 years. In the same interval groups, important deterioration of left ventricular contractions ranged from 12-20% ( fig. 5 ).
Discussion Value and Limitations of Angiographic Follow-up Studies
The ideal method to study the evolution of coronary artery disease is to perform serial angiograms at regular intervals in a series of consecutive nonoperated patients. This is not feasible, so we must perform studies analyzing angiographic data of different groups of patients who were recatheterized at various intervals. The value of such studies is highly dependent on the selection of patients. Generally, after having had coronary arteriography, patients are either operated on or treated medically and recatheterized only if their symptoms deteriorate. We had the opportunity to recatheterize a group of nonoperated patients who were selected for surgery and who were in stable or improving clinical condition. In these patients, progression was unexpectedly common. The relatively small difference between them and patients who were recatheterized for other reasons suggests that selection is not as vitally important as might be expected.
Retrospectively, it is practically impossible to determine accurately why somr medically treated patients were recatheterized and others were not. In a previous study'0 of 463 consecutive patients with angiographically demonstrated coronary artery disease we have compared 61 baseline and 21 follow-up characteristics of patients who were recatheterized (the first 88 patient study) and patients who had only one catheterization. Patients who were recatheterized more often had increasing angina pectoris and myocardial infarction during follow-up, whereas patients who were not recatheterized had sustained more infarctions before catheterization and had more extensive left ventricular damage, but the differences between the two groups were small.
Angiographic follow-up studies are inherently restricted to survivors. Progression of the disease is probably a major cause of death in patients with coronary atherosclerosis. Progression in survivors may be expected to display a degree of underestimation that is proportional to the percentage of patients who died. As studies on survival"' have demonstrated that mortality rates increase with the number of vessels that show significant narrowings and extent of left ventricular impairment, it follows that the degree of underestimation is proportional to the interval between the angiograms and the severity of the initially present angiographic abnormalities (figs. 6 and 7). Consequently, the relation we found in this study between progression and the above-named variables is in fact more pronounced. This consideration gains practical significance when progression in our patients is compared with progression in groups of patients in whom mortality may be altered, for instance, by surgical intervention. graphic follow-up studies. Except for patient selection, we tried to minimize these pitfalls by accepting only angiograms of almost identical quality made at one institution and adopting rigid progression criteria. We chose virtually unquestionable increments of narrowing to define progression. This could have caused overall some underestimation of progression (and regression), but probably did not influence the trends.
Progression
The most significant single determinant of progression was the length of the interval between angiograms. There was also a good correlation between severity of initial narrowing in segments and chance of progression. This may be partly because in normal or slightly narrowed segments, more atheromatous material is required to cause an increment of narrowing sufficient to meet the progression criteria than is needed in markedly narrowed segments. Therefore, our observation is more of clinical than of pathologic significance. Although the most severe lesions showed the highest progression percentages, in 40.2% of the patients with progression this occurred only in segments narrowed less than 50%. This seemingly contradictory finding can be explained by the relatively low prevalence of severe narrowings compared with slight or moderate narrowings. Thus, more patients show progression in areas where it cannot be predicted. In contrast to some other authors,3 " we found no significant correlation between progression and risk factors. This might be partly because of the relatively short interval between angiograms in most cases, whereas risk factors may be expected to have the greatest impact after long periods of time. The lack of correlation between risk factors and progression in our patients, who all had advanced coronary artery disease, should not detract from the importance 535 of risk factors with regard to primary prevention. In our study, no differences of progression were found between men and women, but the sample of women is too small to determine accurately sex-related factors.
Regression
Regression, which we found in 4.7% of our patients, has been reported1' 4, 7, 10, 14, 18 but was not found by Kuo et One of the most intriguing aspects of progression of coronary artery disease concerns its consequences with regard to surgical management. Many of our patients needed more distal anastomoses to achieve optimal revascularization at the time of the second angiogram compared with the first. This finding suggests that in some surgical candidates who are known to have a favorable life expectancy, surgery should be postponed and the angiographic examination repeated after a few years. However, deterioration of left ventricular contractions may occur even in the absence of significant progression of coronary artery disease. This dilemma is further complicated because progression of coronary atherosclerosis is not always gradual; it may occur in bouts, as we have found in some patients who have had more than two angiograms. One may try to overcome this problem by also placing bypass grafts on slightly or moderately narrowed branches, especially if localizations are involved that have a relatively high progression percentage, but it has not been determined whether this improves the chances of adequate long-term perfusion. Clearly, our efforts should be aimed at developing highly sensitive noninvasive diagnostic methods for following the atherosclerotic process at short intervals.
